Abstract
Blue, green, and yellow phosphors are obtained in the Sr 1− xY 0.98+ xCe 0.02 Si 4 N 7− xCx system (x=0→1). Decreases in thermal quenching barrier height with x result from a dominant neighboring-cation effect, through which the replacement of Sr 2+ by Y 3+ reduces the covalency of Ce N bonding. Green emission is observed from a cation-segregated nanostructure of SrYSi 4 N 7 and Y 2 Si 4 N 6 C domains in x=0.2-0.6 samples.
Main text
Phosphor materials play a key role in white-light emitting diode (LED) devices based on gallium indium nitride (GaInN). [1] [2] [3] [4] [5] Phosphors for white LEDs should have good thermal stability and conversion efficiency
and an excitation wavelength range in the UV to blue region (370-460 nm). [3, [6] [7] [8] The yellow-emitting phosphor (Y,Gd) 3 (Al,Ga) 5 O 12 :Ce 3+ is a well-known commercial example, but the lack of red emission results in cold white light and a low color-rendering index (CRI). [1, 7, 9, 10] Nitride-based materials are more covalent than oxides, which improves thermal stability, and their greater crystal field splitting increases the red emission leading to warmer white light. [1, 2, 11, 12] The chemistry of doped nitride phosphors is often complex
and it may be difficult to understand how substitutions tune photoluminescence properties, as the local environment of activator ions may be quite different to the structural average. For example, local O/N ordering driven by the size mismatch between the Eu 2+ activator and the host cations was found to be an important effect in M 1.95 Eu 0.05 Si 5− xAlxO 8− xNx (M=Ca, Sr, Ba) phosphors. [12] Herein we demonstrate a new approach to controlling phosphor properties through segregation of activator cations on the nanoscale, as applied to Sr 1− xY 0.98+ xCe 0.02 Si 4 N 7− xCx carbidonitridosilicate phosphors, and we show that overall trends evidence a significant neighboring-cation influence.
Two structure types are encountered in the studied system. The SrYSi 4 N 7 (1147) type structure with hexagonal (space group P6 3 mc) symmetry contains a network of corner-linked N(SiN 3 ) 4 structural units. [13] [14] [15] [16] Sr and Y sites are coordinated by 12 and 6 nitrides, respectively. The related Y 2 Si 4 N 6 C (2461)-type structure has monoclinic P2 1 /c symmetry with C substituted only at the 4-connected positions to give C(SiN 3 ) 4 units. [17] [18] [19] The 5-coordinate Y1 and 6-coordinate Y2 sites are derived from the Y and Sr sites respectively in the SrYSi 4 N 7 type. Photoluminescence properties of doped SrYSi 4 N 7 and Y 2 Si 4 N 6 C types have previously been reported. [14, 15, 18, 19] Eu 2+ -and Ce 3+ -doped SrYSi 4 N 7 respectively emit 548-570 nm yellow light and 450 nm blue light when excited at 390 nm. [14] Photoluminescence of Ce 3+ -and Tb 3+ -doped Y 2 Si 4 N 6 C materials, [18] and the underlying Ce 3+ -Tb 3+ energy transfer process, [19] have also been investigated, and Ln 1.99 Ce 0.01 Si 4 N 6 C for Ln=Gd and Lu have emission peaks of 610 nm and 540 nm. [19] Several studies have proposed that higher covalence is expected in the Y 2 Si 4 N 6 C network owing to the introduction of carbon, so that the thermal stability of photoluminescence in carbidonitridosilicates is expected to be better than that of corresponding SrYSi 4 N 7 type nitrides. [17, 20, 21] However, no studies of the evolution of phosphor properties within is surprising, as the progressive replacement of Sr 2+ and N 3− by Y 3+ and C 4− was expected to introduce more covalency into the materials and hence raise lattice rigidity and the quenching barrier height. [21, 22] We propose that this reveals a dominant neighboring-cation influence as follows. . [24] Here the neighboring-cation influence As a further examination of the utility of these materials, water resistance tests were also performed (Supporting Information, Figure S5 ). imaging plate and using an X-ray wavelength of 0.77491 Å. X-ray Rietveld refinements were conducted using the GSAS (General Structure Analysis System) software. [25] Y K-edge extended X-ray absorption fine structure (EXAFS) spectra were recorded at BL01C1 of the NSRRC. High resolution transmission electron microscopic (HRTEM) images were obtained on a JEOL JEM-2011 microscope operated at 200 kV.
Photoluminescence spectra were measured using a FluoroMax-3 spectrophotometer equipped with a 150 W Xe lamp and a Hamamatsu R928 photomultiplier tube, and a heater (THMS-600) for temperature-dependent spectra.
